CASE REPORT
for poor immediate-or long-term results (6, 7) . Other investigators have reported excellent outcomes with adherence to precise restriction techniques, often guided by intraoperative ultrasound flow measurements (3) (4) (5) . We report a complication of banding not previously described.
Case series
Between January 2015 and January 2017, four patients (2 males, mean age 67 years) were operated in two different institutions for HBF estimated >2 L/min with preoperative ultrasound. A precision banding technique as previously described (3) was used under local anesthesia with polypropylene suture secured over a sizing dowel (Fig. 1) . All fistulas had brachial artery inflow with the anastomosis located at the elbow level. One patient had symptoms of heart failure with 3.2 L/min flow rates. The other three patients were operated for high pressure fistulas with episodes of prolonged bleeding post-puncture (>30 min) and flow rates between 2 and 3 L/min. Perioperative ultrasound and clinical examination confirmed efficacy of the intervention with flow reduction >50% in all patients. Each patient had an excessively (>2 cm) dilated post-anastomotic segment of their fistula where the banding was applied. Within 6 months of the
Introduction
Arteriovenous fistulas (AVF) provide the best means of vascular access for hemodialysis in patients with end-stage renal disease (1, 2) . One of the most common challenges in access maintenance and salvage of dysfunctional fistulas is the reduction of excessively high blood flow (HBF). Dialysis access-associated steal syndrome, congestive heart failure, access aneurysms, arm edema and cannulation site bleeding are frequently associated with HBF. Banding is often the appropriate surgical procedure applied for the treatment of HBF and several technical variations have been previously described (3) (4) (5) . Banding has been challenged in many reports
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Introduction:
We present an unreported cause of banding failure for flow restriction in dramatically enlarged arteriovenous fistulas (AVFs). Case series: Four patients operated in different institutions by two different surgeons experienced band failure within 6 months of the initially successful operation for AVF flow restriction. Prior to the initial banding procedure, each patient's AVF was noted to have major dilatation of the post-anastomotic segment (>2 cm). All patients required a second operation for flow reduction with reconstruction of the AVF anastomosis to a tapered, smaller size. During this second procedure, the suture tie used for banding in each patient was found to have eroded a portion of the vessel wall and was extending into the fistula lumen. No thrombosis or bleeding was encountered and all AVFs have remained functional after revision. Conclusions: Identical findings in these four patients suggest that the extensive infolding and caliber diameter reduction created by banding these massively dilated fistulas, when combined with the pulsatility induced in the pre-banding segment, leads to a gradual incorporation of the suture tie into the vessel wall and finally within the lumen. We suggest erosion of banding material and failure of flow reduction may occur with any technique but may be more likely with a single polypropylene suture restricting very large AVF. We suggest such excessively dilated fistulas requiring flow reduction may be successfully treated by reconstruction of the AVF anastomosis to a much smaller size with tapering of the outflow vein to accommodate the revision. Keywords: Arteriovenous fistula, AVF, Banding, Flow reduction, Revision initial intervention, all patients were found to have failure of banding with recurrence of their HBF. During the second surgical operation for flow reduction, a tapering reconstruction of the access outflow vein was coupled with creation of a new smaller anastomosis. All patients were found to have the initial banding suture intact. However, the polypropylene suture used for banding had eroded through a portion of the vessel wall and into the AVF outflow lumen (Figs. 2 and 3) .
We suggest that the dramatic change in diameter between the pre-banding and the post-banding flow restriction site, in concert with the associated pulsatility that develops as a result of the induced resistance by banding, lead to significant repetitive force on the suture that eventually eroded through the vessel wall (Fig. 4) . During the surgical revisions, the banding sutures were found exposed inside the vessel lumen explaining the resumption of HBF and failure of flow restriction. Each patient had a successful flow reduction operation with reconstruction of the anastomosis to a smaller size and appropriate tapering of the outflow vein to accommodate the revision. No patient had bleeding, thrombosis, or false aneurysm formation during the period of gradual suture erosion and banding failure.
Discussion
An AVF is the best option for long-term vascular access for patients requiring hemodialysis in terms of long-term access patency, fewer complications, fewer hospitalizations, and lower costs (1, 2). One of the most common problems, especially for fistulas based on brachial artery inflow, is the development of HBF. The problem is much less frequent and less intense in distal AVFs; however, it may occur in younger individuals where the radial artery can significantly dilate over extended periods of time. HBF is a concern not only because of possible local complications (i.e., aneurysm formation, bleeding), but also because of long-term systemic effects associated with high cardiac output (8) .
Banding is the most commonly utilized procedure for flow reduction with several different techniques described, each intending to create increased resistance in the postanastomotic segment of the HBF access (3, 5) . Late banding failure after initial success has been traditionally and intuitively attributed to suture fracture or disruption/dislocation of other banding materials. A frequent criticism of banding argues that it is either too loose and ineffective, or too restrictive leading to AVF occlusion. Vaes et al reported outcomes for a series of 50 patients who underwent flow restriction by placement of a 5-mm wide flat woven polyester band. The authors noted the mean preoperative access flow for all patients was 3070 mL/min and found HBF recurrence greater than 2000 mL/min in 26 patients (52%), on average 5 ± 1 months after banding (7) . Their analysis found immediate postoperative flow of more than 1000 mL/min predicted banding failure. However, patients with recurrent HBF in the study had a mean access flow reduction to only 1785 mL/min in the immediate postoperative period as opposed to 1090 mL/min seen in patients without recurrent HBF. Perioperative access flow was measured through a small proximal incision with an ultrasound transit time technique. Failure of flow reduction by banding may be associated with limited precision and inadequate or excessive diameter reductions based on "best-guess or eyeball" assessment. The use of intraoperative ultrasound flow measurements before and after banding and adjusting the restriction in ½ mm increments allows precise adjustment and superior flow restriction outcomes (4) .
The suture erosion and banding failure that developed in the patients in this report may be related to the unpredictability and excessive infolding of the matured vein wall with distortion of the AVF lumen despite use of a balloon or dowel used for calibration. This newly recognized mechanism for delayed failure of an initially effective banding was seen only in these four patients with excessively dilated fistulas. During the same period, more than 40 other patients were operated in the reporting centers for flow reduction using the simple suture flow restriction banding technique and we have reported successful clinical outcomes in flow reduction using this method of banding with average follow-up of 11 months (9, 10). Regular follow-up of all other patients confirmed good efficacy and durability of the technique. Banding failures may be more likely to occur in patients with severe hypertension and/or individuals with outflow obstruction, where increased pressure and pulsatility is focused at the banding suture flow restriction site. Correction of outflow stenosis when possible and optimization of hypertension treatment before surgery are important factors to consider in minimizing the risk of banding failure.
Precision banding by suture tied over a calibration dowel with intraoperative ultrasound flow assessment remains the simplest option for flow reduction and our preferred procedure in most patients. Other flow reduction strategies such as revision of access inflow to a distal vessel are also important treatment options (11, 12) . However, we suggest that when the diameter of a high flow access exceeds 2 cm in the postanastomotic outflow segment, the vascular access surgeon should consider revision or reconstruction of the AVF anastomosis to a size smaller than the donor artery (13) . Tapering the outflow vein will be required to create the new low flow access. No single operation is best for all cases but rather the operative plan should be tailored appropriately for each patient individually.
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